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Brown rice is widely consumed for its higher retained vitamins, minerals, and fiber content than white rice. However, the bran responsible for most nutrients in brown rice also imparts a tough, chewy texture when cooked. Germination is a natural process in which the seed produces additional nutrients and enhances nutrient bioavailability as it transforms into a plant (Patil and Khan 2011) . Consuming germinated brown rice is a growing trend in some Asian countries mostly because of its high content of g-aminobutyric acid (GABA) developed through the biotransformation process. GABA serves primarily as an inhibitory neurotransmitter linked to numerous health benefits such as reducing blood pressure, improving sleeplessness, reducing cardiovascular diseases, diabetes regulation, and limiting weight gain (Oh and Oh 2004; Roohinejad et al. 2009 ).
Although brown rice has a harder, chewier texture compared with white rice, germination results in a softer cooked brown rice texture. The softer texture is attributed to the activation of enzymes within the retained bran and endosperm, which degrade nutrients and weaken the seed structure. a-Amylase, proteases, and lipases are the primary enzymes responsible for breakdown of starch, protein, and lipids, respectively. Prolonged germination duration increases starch hydrolysis, resulting in an increase in sweetness and softness of cooked rice with reduced water uptake and volume expansion (Jiamyangyuen and Ooraikul 2008) .
Studies correlating textural characteristics with physicochemical properties of germinated brown rice are mostly based on jasmine rice (Jiamyangyuen and Ooraikul 2008; Noomhorm 2011, 2015) , except for one (Tsuji 1981 ) on short-grain rice. These studies reported that pasting viscosity, amylose content, cooking duration, and cooked rice hardness decreased when a-amylase activity increased with germination time. Cooked rice texture is mainly influenced by amylose content and long amylopectin chains, which maintain the starch granule integrity and thus cooked rice hardness (Ramesh et al. 1999) . Because different grain types have distinctive physical characteristics and compositions, their germination behaviors and consequently the physicochemical and textural properties of the resultant germinated rice may be different. Miyoshi and Sato (1997) found differences between japonica and indica rice cultivars in their responses to germination stimulant treatments. Therefore, the objective of this study was to compare the differences in milling, physicochemical properties, chemical composition, and cooked brown rice texture between long-grain and medium-grain rice cultivars after varying germination durations.
MATERIALS AND METHODS
Materials. Foundation seeds from two rice cultivars, Wells (long grain) and Jupiter (medium grain), from the 2012 crop were provided by the University of Arkansas Rice Research and Extension Center (Stuttgart, AR, U.S.A.). Seeds were germinated in rough rice form, and all rice samples were stored at 4°C before use.
Germination Process. Rough rice (400 g) was soaked in 1.25% NaClO at 25°C for 30 min for disinfecting (Yang et al. 2001 ). The sample was rinsed three times under tap water prior to a final rinse with deionized water and then soaked in excess water in a 9 × 13 × 2 in. stainless steel pan at 25°C in a water bath (OLS200, Grant Instruments, Cambridge, U.K.). The minimum soaking time to reach equilibrium moisture content was determined by establishing the water absorption curve for each cultivar. Rice samples were removed every 10 min for the first hour, and then every hour up to 24 h, pat dried, and weighed. The moisture content of the soaked rice was calculated based on the initial moisture content by using the following equation:
where MC is moisture content, FWW is final wet weight, and IDW is initial dry weight. All treated rice samples were soaked until the time when moisture content approached equilibrium. After the soaking, the rough rice samples were drained and rinsed again with deionized water prior to the germination procedure. For germination, approximately 240 g of the soaked rice was placed in two damp cheese cloths spread on top of two 9 × 12 in. metal racks, which were situated above two 9 × 13 × 2 in. stainless steel pans for aeration. Deionized water was filled up to 1 in. height of the pan. Aluminum foil and masking tape were used to insulate and seal the pan and rice before placing in an incubator (APT.line BF, Binder, Tuttlingen, Germany) at 30-34°C. Twenty random whole kernels were removed from the cheese cloths regularly to determine the germination degree by counting the number of kernels showing protrusion through the hull and the embryonic growth length (cm). The optimum germination time was determined when 70% of the rice population displayed hull protrusion, either S1 or S2 stages (Counce et al. 2000) . Three additional germination times were selected: two prior to and one following the optimum time, and each at an 8 h increment. The germination durations were 10, 18, 26 (optimum), and 34 h for Wells and 24, 32, 40 (optimum) , and 48 h for Jupiter. The germinated rice samples were dried in an equilibrium moisture content drying chamber (dry bulb 26°C, wet bulb 13.5°C) until 12 ± 0.5% moisture content and stored at 4°C until further analysis. Two controls were used for each cultivar: one control was soaked for 12 h without incubation (0 h), and one was unsoaked and ungerminated brown rice. All soaked and germinated samples were prepared in replicate.
Samples for measuring proximate composition, thermal properties, and starch characterization required more seed development uniformity owing to kernel-to-kernel variation in growth rate (Fig. 1) . Therefore, germinated rice samples were further subcategorized by coleoptile lengths as 0 mm (a), 0.5-1 mm (b), 1.5-10 mm (c), 10.5-30 mm (d), and >30 mm (e). The first germination duration (10 h for Wells, 24 h for Jupiter) was then categorized by 0 mm coleoptile length (a). The second germination duration (18 h for Wells, 32 h for Jupiter) consisted of two coleoptile categories combined to encompass 0-1 mm lengths (a and b). The third germination duration (26 h for Wells, 40 h for Jupiter) included combined coleoptile categories of 0.5-10 mm (b and c), and the fourth germination duration (34 h for Wells, 48 h for Jupiter) included combined coleoptile categories ranging from 1.5 to 30 mm (c and d). Kernels with >30 mm coleoptile length (e) were considered outliers and were omitted from any analyses. Germination durations 2-4 in this experiment were within the S1 or S2 growth stage, and no emergence of the prophyll from the coleoptile occurred (Counce et al. 2000) . Rice samples were then dried to 12 ± 0.5% moisture content and stored at 4°C.
Milling Properties. Dried germinated rough rice (150 g) was dehulled by passing through a Satake dehusker (THU-35, Satake, Hiroshima, Japan) twice, because one dehulling pass was inadequate to remove most hulls. Dehulled rice weight was recorded, and head rice was separated from broken kernels by using a doubletray sizing machine (GrainMan Machinery, Miami, FL, U.S.A.). The percentage of brokens (%) was calculated by the weight of rice fragments less than three quarters of a whole kernel divided by the weight of dehulled rice from an original 150 g of rough rice. Premature, chalky, or defective rice grains were sorted and removed from whole kernels.
Kernel weights were recorded by randomly selecting 10 whole kernels from each germination duration used for proximate analysis. For chemical and physicochemical analyses, whole rice kernels were ground into flour with a UDY cyclone sample mill (UDY, Fort Collins, CO, U.S.A.) fitted with a 0.50 mm sieve.
Proximate Composition. The total starch content was determined by an amyloglucosidase/a-amylase assay (Megazyme, Bray, Ireland) in accordance with AACC International Approved Method 76-13.01. Soluble sugar from the rice flour was extracted with 80% ethanol at 75°C for 10 min with stirring and then centrifuged at 1,500 × g for 10 min, and the extraction was then repeated twice. The total sugar content was estimated by using the phenol-sulfuric acid method (DuBois et al. 1956 ). Crude protein was measured by a micro-Kjeldahl method following AACCI Approved Method 46-13.01, by using the conversion factor of 5.95 to convert nitrogen content to crude protein content. Physicochemical Properties. The apparent amylose content of the rice flour was determined by the colorimetric method of Juliano et al. (1981) .
Free GABA was prepared according to the method of Cohen and Michaud (1993) with modifications. Ungerminated or germinated brown rice flour (200 mg) was weighed into a plastic tube, and 1.8 mL of deionized water was added. The mixture was centrifuged (microcentrifuge 5415D, Eppendorf, Hauppauge, NY, U.S.A.) at 2,300 × g for 10 min. Supernatant (1 mL) was pipetted and mixed with 200 µL of 0.4M NaHCO 3 and 400 µL of 6mM Dabsyl-Cl acetonitrile solution. The reaction was performed at 55°C for 1 h. After derivation, the sample was filtered into a vial and injected into a System Gold HPLC (Beckman-Coulter, Fullerton, CA, U.S.A.) with an autosampler (model 508), dual pump (model 126), and photodiode array detector (model 168) with Beckman-Coulter System 32 Karat software (version 8, 2006 ) to analyze samples. Analysis was performed with a modified method of Liu et al. (2015) with a Kinetex C18 column (100 mm × 4.6 mm i.d., 2.6 µm; Phenomenex, Torrance, CA, U.S.A.) and a binary gradient of deionized water (pH 9.0) for mobile phase A in water and methanol (pH 9.0) for phase B at a flow rate of 1.0 mL/min. The gradient began at 20% B and increased linearly to 100% B over 20 min; it was then held isocratically at 100% B for 10 min before returning to 20% B. The derivatized g-butyric acid samples were identified and quantified by comparing retention time and slope to a derivatized commercial GABA standard (A5835, Sigma-Aldrich, Saint Louis, MO, U.S.A.).
Thermal properties were measured with a differential scanning calorimeter (DSC) (Diamond, Perkin-Elmer, Norwalk, CT, U.S.A.). Approximately 4 mg of ground rice flour was weighed into an aluminum DSC pan with 8 µL of deionized water added via a microsyringe. The pan was sealed and equilibrated at room temperature for 1 h prior to heating from 25 to 120°C at 10°C/min. An empty pan was used as a reference. Onset, peak, and conclusion temperatures and enthalpy were calculated.
Pasting properties were determined with a Rapid Visco Analyzer (RVA) (Newport Scientific, Warriewood, NSW, Australia) according to AACCI Approved Method 61-02.01. Rice slurry was prepared by mixing ;3.0 g of rice flour (12% moisture basis) with ;25.0 mL of deionized water or 0.50 mM silver nitrate in an RVA canister. The slurry was rapidly heated to 50°C, heated from 50 to 95°C at 5°C/min, held at 95°C for 5 min, cooled from 95 to 50°C at 5°C/min, and then held at 50°C for 5 min. Peak, breakdown, setback, and final viscosities (cP) were recorded.
Starch Isolation and Characterization. The molecular size distribution of starch in germinated rice was analyzed by highperformance size-exclusion chromatography (HPSEC) according to the method of Kasemsuwan et al. (1995) with modifications by Wang and Wang (2000) . Starch was extracted from 1 g of flour (combining 0.5 g from both replicates owing to limited sample size) by adding 10 mL of extraction solution composed of 1% (v/v) sodium dodecyl sulfate and 0.5% (v/v) b-mercaptoethanol into a 15 mL centrifuge tube. The tube was vortexed and then placed on a rotator (rotisserie rotator, Labquake, Barnstead Thermolyne, Dubuque, IA, U.S.A.) for 1 h prior to centrifugation at 3,820 × g for 10 min. The supernatant was discarded, and the extraction process was repeated again with 10 mL of the extraction solution. The centrifugation and decanting process was repeated another three times with deionized water, and the gray protein layer was scraped off after each water extraction step, followed by a single extraction of 10 mL of methanol and then acetone. Samples were then dried at 40°C overnight before being ground into flour.
For HPSEC analysis, 10 mg of isolated starch and 2.5 mL of 90% dimethyl sulfoxide were placed in a 25 mL test tube, boiled for 1 h with stirring, and stirred at room temperature overnight prior to filtering through a 5 µm nylon membrane filter (F2500-50, National Scientific, Rockwood, TN, U.S.A.). The HPSEC system (Waters, Milford, MA, U.S.A.) consisted of a 100 µL sample loop, two columns (Shodex OHpak KB-802 and KB-804, Showa Denko, Tokyo, Japan) maintained at 60°C, and a 2414 refractive index detector maintained at 40°C. A solution of 0.1M sodium nitrate with 0.02% (w/v) sodium azide was eluted at a flow rate of 0.6 mL/min.
Texture Analysis. Germinated brown rice samples were cooked according to the method of Perez and Juliano (1979) with a consumer rice cooker (ARC-914B, Aroma Housewares, San Diego, CA, U.S.A.). Whole kernels (5 g) were soaked in deionized water in a 100 mL beaker for 30 min with a fixed water-to-rice ratio of 2.1:1 for Wells and 1.9:1 for Jupiter. Six 100 mL beakers containing different soaked rice samples were placed on a metal rack placed within the cooking bowl holding 250 g of deionized water. Cooking duration was determined by removing 10 kernels every 5 min after cooking for 30 min until a minimum of nine kernels showed no starchy cores when compressed between two glass plates, indicating cooking completion (Ranghino 1966) . Cooked rice was gently mixed, transferred to an airtight plastic zipper bag, placed in a thermoinsulator, and used within 30 min for texture analysis.
Texture analysis was conducted with a 50 kg load cell and an aluminum plate 10 cm in diameter and 0.6 cm in thickness by using a TA. XT Plus texture analyzer (Texture Technologies, Hamilton, MA, U.S.A.). A compression test mode was performed with 10 whole rice kernels at a speed of 5 mm/s; kernels were compressed to 0.3 mm, held for 5.0 s, and returned at 0.5 mm/s. The maximum compression force (peak force, N) and adhesiveness (negative peak force area, N·s) were recorded as cooked rice hardness and stickiness, respectively (Saleh and Meullenet 2007) . Measurements were conducted six times for each replicate sample.
Statistical Analysis. Four replications of the experimental treatment conditions were performed for each property. The treatment structure was a 2 × 6 factorial arrangement with two cultivars (Wells and Jupiter) and six germination durations (with two controls [brown rice and 0 h] along with the four additional durations). The experimental design was a completely randomized design with 12 treatment combinations and four replications that were assigned independently to the experimental units. The analysis model for the design was fitted in the Fit Model platform of JMP PRO version 11.2.1 (SAS Institute, Cary, NC, U.S.A.) with the main effects and interaction. Tukey's honestly significant difference multiple comparisons test (a = 0.05) was used to identify significant differences of the dozen treatment least squares means, including the two controls.
RESULTS AND DISCUSSION
Milling Properties. Wells had a significantly higher (P < 0.001) percentage of brokens for brown rice and all germination durations, and soaking alone significantly increased the brokens percentage (P < 0.0001) ( Table I ). The increase of brokens from the soaking may be owing to the formation of moisture gradients and consequently fissures upon drying (Siebenmorgen et al. 1998) . During germination, the percentage of brokens remained relatively unchanged for Jupiter but increased significantly after 26 h for Wells. The significant increase in broken kernels at the later germination durations of Wells suggests that advanced germination greatly weakens Wells's kernel structure. The shorter, rounder shape of Jupiter, a medium-grain cultivar, may provide more structural support upon dehulling compared with the longer, slender shape of Wells, a long-grain cultivar. This finding agrees with previous studies, which reported increased fissured kernels in germinated jasmine rice after 20 h (Cheevitsopon and Noomhorm 2011) and 36 h of germination (Srisang et al. 2011) . However, these studies used severe drying conditions, including hot air and superheated steam, which may also contribute to their increases in broken kernels.
Overall, there was little change in rice kernel weight for Jupiter during germination, but there was a significant decrease in kernel weight at the last germination duration of Wells at 34 h. The kernel weight had a negative correlation with the percentage of brokens, implying that loss of kernel mass may weaken structural integrity and increase kernel breakage.
Chemical Composition. Jupiter and Wells cultivars shared a similar proximate composition prior to germination but were affected differently by the soaking and germination (Table II) . Soaking significantly decreased the starch content and increased the crude fat and ash contents in Jupiter, whereas Wells remained unaffected. Once germinated, the starch content of both cultivars significantly increased, which was proposed to be primarily owing to the hydrolysis of the other components in the bran layer such as lipids, phytin, and hemicellulose (Gremli and Juliano 1970; Palmiano and Juliano 1973; Luh et al. 1991) to result in its relative increase. With the progression of germination Jupiter and Wells showed a gradual decrease in starch content, but only the decrease in Wells was statistically significant at the last germination duration. The decrease in the starch content of Wells after 34 h of germination may contribute to its decreased kernel weight and consequently increased brokens (Table I) .
The soluble sugars in germinated rice flour were significantly higher in Jupiter than in Wells and gradually increased with germination for both cultivars (P < 0.0001). The inverse relation between soluble sugars and starch content was more evident for Wells than for Jupiter. Their differences in soluble sugar contents may be attributed to their different amylopectin-to-amylose ratios. Previous studies have observed a negative relationship between amylose content and susceptibility to a-amylase degradation (Riley et al. 2004 ). The change in soluble sugars suggests that more starch is degraded at the later developments of germination, and different rice cultivars show different patterns of degrading starch.
Both Jupiter and Wells had a similar protein content, and there was no change in their crude protein contents in the germination process. Although proteins may be hydrolyzed into free amino acids over the course of germination, they were not distinguished and were included in the crude protein analysis. This finding agrees with those of Xu et al. (2012) , but some studies reported an increase in crude protein content during germination (Lee et al. 2007; Moongngarm and Saetung 2010) .
Germination had an overall significant effect on crude fat content (P < 0.0001), in which both cultivars showed a slight decrease in crude fat during germination, which correlated with the decrease in starch. However the impact of germination on crude fat content was not the same for both cultivars, because Jupiter displayed a significant decrease by the second germination duration, whereas Wells showed a significant decrease at the last germination duration. The ash content remained relatively unchanged during germination for both cultivars.
Wells, a long-grain cultivar, had a significantly higher apparent amylose content than Jupiter. Jupiter exhibited a significant increase in apparent amylose content once germinated, but the apparent amylose content of Wells did not change during germination. The increase in apparent amylose content in Jupiter may be owing to possible disruption of amylose-lipid complexes, allowing for better measurement. The apparent amylose content in both cultivars remained similar with germination progression, suggesting that amylose was not significantly degraded during germination.
The GABA content was significantly higher in Jupiter than in Wells (P < 0.001) before germination and at the first two germination durations (Table II) . It is not clear why Jupiter showed a decrease in GABA content once germinated, but afterward the GABA content in Jupiter gradually increased over the duration of germination, whereas that in Wells remained at a similar level at the beginning but greatly increased at 26 h of germination. Most studies reported that GABA increased with germination (Varanyanond et al. 2005; Banchuen et al. 2009; Charoenthaikij et al. 2009; Maisont and Narkrugsa 2010; Kim et al. 2012 ). However, Karladee and Suriyong (2012) investigated five different germination durations (0, 12, 24, 36 , and 48 h) of 21 rice varieties and found that GABA content steadily increased from 0 h, reached the highest level at 24 h, and then decreased continuously afterward. Therefore, more work is needed to confirm if the change of GABA from germination is cultivar specific.
Gelatinization Properties. There was no significant change in onset and peak gelatinization temperature between germination durations within each cultivar, Jupiter or Wells (Table III) . However, when considering the overall impact of germination on both cultivars together, germination significantly increased both onset and peak gelatinization temperatures (P < 0.05). Xu et al. (2012) reported a decrease in gelatinization temperature and enthalpy after germination. The difference may be attributed to cultivar effect and/or the use of brown rice instead of rough rice, which was used a Mean values are reported in the original scale, but the Tukey's honestly significant difference (HSD) test value (a = 0.05) of apparent amylose content is reported in the reciprocal of apparent amylose (%) to meet the ANOVA requirement. b BR = brown rice without the soaking step.
by Xu et al. (2012) , because brown rice germinates at a faster rate than rough rice.
Gelatinization enthalpy was significantly influenced over the course of germination in both cultivars (P = 0.0001), and there was a significant cultivar and germination duration interaction (P = 0.0054). Although enthalpy did not significantly change from brown rice to different germination durations for both cultivars, there were significant differences when comparing different germination durations within each cultivar. The gelatinization enthalpy of Wells significantly increased from 10 to 34 h of germination, whereas that of Jupiter increased at 32 h and then decreased. These differences in enthalpy between cultivars and between germination durations may be related to the extent of starch hydrolysis. It has been proposed that there is an inverse relationship between a-amylase activity and gelatinization enthalpy in starch granules (Wolters and Cone 1992) . Hydrolysis of the amorphous lamellae may increase gelatinization enthalpy in Wells and Jupiter at the beginning of germination. Moreover, hydrolysis of crystalline lamellae upon further germination may result in reduced enthalpy in Jupiter.
Pasting Properties. The pasting profiles of brown rice and germinated brown rice from both cultivars at different germination durations in water as well as in 50mM silver nitrate are shown in Figure 2 . Silver nitrate was used to inhibit enzyme activities during RVA measurement (Collado and Corke 1999) . For brown rice flour in water, Jupiter had a higher peak viscosity, a greater breakdown, and a lower final viscosity compared with Wells ( Fig.  2A and B) because of its lower amylose content. The peak viscosity of Jupiter dramatically decreased from 2,653 to ;900 cP at 24 and 32 h of germination and then to ;200 cP at 40 and 48 h of germination. In contrast, the change in pasting profile was more gradual for Wells. The slight increase in final viscosity of the soaked samples from both cultivars was ascribed to the annealing effect that strengthened starch granule integrity through perfecting starch crystalline structure.
When the pasting properties were conducted in silver nitrate, there was little change in pasting profiles between brown rice and germinated samples for both cultivars (Fig. 2C and D) . The differences in pasting profiles between water and silver nitrate indicate that starch was not hydrolyzed substantially during germination, which supports the gelatinization results (Table III) , although a-amylase activity increased with the progression of germination. Therefore, viscosity changes of the germinated rice investigated with water reflected a-amylase activity that occurred during RVA analysis because silver nitrate inhibits a-amylase activity (Collado and Corke 1999) . The lower peak and final viscosities analyzed with water compared with silver nitrate for both cultivars imply that a-amylase activity is also reactivated with water during RVA analysis in brown rice before germination.
The more rapid decrease in the water pasting profiles of Jupiter ( Fig. 2A) suggests that amylopectin was rapidly hydrolyzed by a-amylase, which was attributed to its lower amylose content and higher amylopectin content compared with Wells. By the last two durations of germination, the pasting profiles of Jupiter were almost not visible, which confirms that a-amylase is the primary enzyme responsible for changes in pasting properties in water. Nevertheless, other enzymes such as proteases and lipases could also contribute to the decrease by disrupting or degrading the protein network and lipid complexes to allow for more extensive hydrolysis of starch by a-amylase.
Starch Characterization. The molecular size distribution as characterized by HPSEC was divided into three fractions: fraction I (amylopectin), fraction II (intermediate materials), and fraction III (amylose). The molecular size distribution of Jupiter showed a gradual decrease of amylopectin and a gradual increase of intermediate materials over the progression of germination (Fig. 3A) , indicating that amylopectin was gradually hydrolyzed to a smaller molecular size. Changes in amylose were not significant, and therefore differences in properties observed over the course of germination for Jupiter may be attributed to changes in amylopectin. The molecular size distribution of Wells significantly changed upon germination (Fig. 3B) . The relative proportion of amylopectin (fraction I) significantly increased, whereas that of intermediate materials and amylose (fractions II and III) decreased once germination initiated in Wells. The lack of substantial changes in starch profiles during germination correlated with the silver nitrate pasting profiles for both cultivars, in which there was no significant influence of germination on pasting viscosities ( Fig. 2C and D) . The gradual decrease of amylopectin in Jupiter and increase in amylopectin ratio in Wells after germination from HPSEC analysis were not significant enough to affect the overall pasting profiles of rice flour.
Texture Analysis. Overall, Wells (both brown and germinated) had significantly higher hardness values (P < 0.0001) than Jupiter when cooked (Table IV) because of its higher amylose content. Cooked rice hardness has been associated with amylose and/or long amylopectin chains (Radhika Reddy et al. 1993; Ong and Blanshard 1995; Ramesh et al. 1999) . Although germination had an overall effect of decreasing cooked rice hardness (P = 0.0001) for both cultivars, only Wells exhibited a significant decrease in hardness at the last germination time (34 h). The similar hardness values for Jupiter during different germination durations may be a result of low amylose content and insignificant hydrolysis of amylose. The present study suggests that germination had more impact on the hardness of long-grain rice than medium-grain rice because of its higher amylose and long amylopectin chain content. Previous studies reporting significant decreases in hardness of germinated brown rice were based on jasmine rice cultivars after 6-20 h of germination at room temperature or 35°C (Jiamyangyuen and Ooraikul 2008; Noomhorm 2011, 2015) . Their reported decreased hardness may be owing to more advanced germination with the utilization of brown rice instead of rough rice.
Jupiter generally had greater stickiness values (P < 0.0001) than Wells because of its higher proportion of amylopectin, and germination had an overall significant effect on reducing stickiness when compared with the brown rice after soaking (P < 0.0001); however, the effect is not the same for both cultivars. There was a significant interaction effect between cultivars and germination time (P = 0.0002). The initial increased stickiness for both Jupiter and Wells from soaking may be attributed to the disruption of protein disulfide bonds and starch-granule-associated protein complexes from protease activity. Previous studies have found that disrupting these protein networks during cooking increased cooked rice stickiness (Hamaker et al. 1991; Derycke et al. 2005; Xie et al. 2008) . The wax component on the bran (Champagne et al. 2004 ) may also have been hydrolyzed or removed during the soaking process, allowing for thorough lipid extraction at subsequent germinations. Once germinated, the stickiness of Wells did not change, which may be attributed to its high amylose content or longer amylopectin chains interacting with other components such as protein, thus restricting protein disruption (Ong and Blanshard 1995) . Jupiter became less sticky by the last germination hour compared with earlier germination times, probably owing to its greater degradation of amylopectin, as suggested from the HPSEC results (Fig. 3A) .
A significant interaction effect was observed between Jupiter and Wells cultivars throughout different germination durations for brokens (P < 0.0001), soluble sugars (P = 0.0008), crude fat content (P = 0.008), amylose content (P = 0.009), gelatinization enthalpy (P = 0.0054), and cooked rice stickiness (P = 0.0002). The overall germination effect was significant on starch content, in which both cultivars significantly decreased in starch content from germination (P < 0.0001) despite Wells having an overall higher content than Jupiter (P = 0.002). A cultivar effect was more significant for cooked rice hardness and stickiness. Cooked rice hardness was significantly higher for Wells than Jupiter, whereas stickiness was higher in Jupiter than Wells, but there was no significant interaction.
CONCLUSIONS
Jupiter and Wells showed differences in milling, chemical composition, gelatinization, pasting, and textural properties during the course of germination. Wells was more susceptible to kernel breakage and kernel weight decrease after germination than Jupiter. Once germinated, the GABA content did not change until the third germination duration for both cultivars. Jupiter contained a higher GABA content before and at the early germination durations, but Wells had a higher GABA at the later germination durations. Although amylopectin was hydrolyzed during the germination for both cultivars, the extents of hydrolysis were not significant enough to change gelatinization temperature and pasting properties. Germination had more impact on cooked rice hardness for Wells, a long-grain cultivar, and on cooked rice stickiness for Jupiter, a medium-rice cultivar. The different properties between germinated Jupiter and Wells imply that the changes from germination may be grain-type specific, possibly because of their different chemical composition and inherent enzyme activities. Therefore, germination practices and characteristics of one grain type may not directly relate to another grain type.
